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INTRODUCTION 
'G 
Covered smut is a fungus disease that has caused serious losses t:, 
of wheat for centuries. Its origin 1s not known, but it was well 
known to early Romans as evidenced by the fact that they had a god, 
Robigus,whose special worle was to watch over crops to "avert the 
mildew" (45). It is often' referred to as "bunt" or "stinking smut of 
wheat". Throughout this paper the term' "bunt" will be used to designate 
this disease in order to avoid confusing it with other smuts of wheat. 
Bunt is worldwide in ita distribution, but it is especially, 
prevalent in the Pacific Northwest and certain other se.ctiom; of 
western United States. It was estimated in 1914 that in eastern 
Washington a ,loss of 5-10 million bushels of Wheat was caused by this 
disease (69) • 
Yield reduction is the most serious loss, but other losses 
include: (1) lower quality and .gradf! of wheat, (2) expense of treating 
seed, (3) loss of seed due to effects of the fungicide on viability, 
(4) losses from fires and explosions (61) (28). A survey conducted by 
Price and McCormick (47) 'in eastern Washington and Idaho ~howed that 
during the harvest season as many as 6-10 explosions per day were set 
orf bi static electrieity igniting,explosive smu~ust and air mixtures 
around threshing machines. Stephens and Woolman (61) reported that 
bunt is the cause of a greater aggregate 108s to the world than any 
other crop pest. 
A number of control measures have been devised to minimize the 
effects of this disease. Heald and Woolman (34) list five control 
measures as: (1) crop rotation, (2) clean seed, (3) seed treatment, 
(4) cultural practices, (5) breeding resistant varieties. 
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Breeding resistant varieties of wheat is one of the most recent 
and most promising means of controlling bunt. In areas where soil 
infection is common, it is the only practical control measure known. 
Stephens and Woolman (61) are of the opinion that bunt in the Pacific 
North~est can be controlled only by an entire change in the system of 
farming or by production of varieties of wheat that are immune or 
highly resistant to the disease. Farrer is credited by Briggs (~) 
as being the first wheat breeder to breed for bunt resistance. This' 
work by Farrer began in 1901. Since that time outstanding progress 
has been made in this field. Wheats possessing bunt resistance are 
now grown in practically all areas where bunt has been a serious problem. 
Success of the breeders has resulted from the application of 
genetic principles. It is a well established fact that resistanee to 
bunt is an inherited character. However, the exact nature of the . 
inheritance is still somewhat a matter of conjecture. A purpose of 
this study was to add additional information as to the nature 'of 
inheritance of bunt resistance. A thorough understanding of inheritance 
of resistance to bunt would greatly facilitate wheat breeding. 
Another objective of this study was to determine if inheritance 
of resistance to bunt race T-i6 and dwarf was the same since these two 
races have been reported as pathogenetically similar (38) (67). 
Breeding for dwarf bunt resistance has been retarded because of the 
Qifficulty of artificially producing high infections on wheat to be 
tested. This is due to the fact that dwarf bunt is chiefly a soil-
borne disease and cannot be p~uced artificially by conventional seed 
innoculation techniques. 
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REVIEW OF LITERATURE 
Numerous articles have been written during the past 40 years on 
the inheritance and control of bunt. Holton and Heald (39) in 19~0 
in a summary of literature on bunt listed over 1100 bibliographieal 
entries. Many published articles are repetitious and add nothing to 
the understanding of the bunt problem. Some of the more significant 
papers will be included in this review, which will be limited primarily 
to genetic studies. A review of physiologic specialization of the bunt 
organism will be presented also since this is so closely related to 
the genetical studies. 
Physiologic specialization 
. Two species of bunt, Tilletia caries (n.r..) Tul., synonym, 
-(!_ tritici LBjerk~7 ~int~7), and Til1etia foetlda (Wallr) Liro" 
synonym, (!. levis Kuhn), occur in the United States. Species are 
differentiated primarily on the appearance ot the spores as seen througb 
a microscope. Spores of T. caries are reticulate, and those or T. toetida 
are smooth. 
PhYSi~logie specialization of fungi was first recognized by 
Schroeter in 1879 (51), but it was not until 1924 that Faris (2$) 
gave evidence that physiologic torms or races exist within species ot 
bunt. 
Soon after Faris presented his data, other investigators verified 
his work. In 1927 Rodenhiser and Stakman (54) isolated three. physiologic 
races o! Til1etia caries and two races of!. toetida by their reaction 
on Kota, Marquis and '~inkom. In 1928 Gaines (31) identified three races 
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of T. caries and two races of T. foetida by their behavior on Turkey 
and a variety of durum. Bressman (2) in 1931, using ten differential 
varieties, identified ten physiologie raees although a number of these 
were not definitely established as different races. Rodenhiser and 
.. Holton (52) presented a list of 11 bunt races and their behavior on 
differential varieties in 1937. Other workers (1) (27) (u4) (50) (62) 
have identified additional races of bunt. Most of the investigations 
were carried on independently, and many of the 'races described b.y 
one worker were, identical to those identified by other workers. 
A total of 31 bunt races were , classified by Rodenhiser and Holton 
(53) in 1954. These included 16 races of Tilletia caries and 15 races 
of T. foetida. One race of dwarf bunt, which belongs to!. caries, 
had been identified (62) but was not included in their classification. 
Recognition of physiologic speeialization in bunt tungi has 
alerted plant bre~ders to the possibility of new races being produced 
by natural hybridization. -Flor (26) ·and Holton (35) ()6) (37) have 
succeeded in producing bunt hybrids under controlled conditions. 
Apparently there is ample opportunity for natural crossing to occur 
between and within species. 
Inheritance of bunt resistance 
----- - - -----
Differences in varietal resistance to bunt have been recognized 
for some time (3) (23) (24) (42) (44) (49). According to Woolman and 
Humphrey (69), N.E. Tschamer in 1764 recorded varietal differences 
in resistance of spelt to bunt. Other investigators undoubtedly 
recognized varietal differences, but Farrer in 1901 was the first to 
make use of these differences in a systematic breeding program (5). 
However, he made no effort to interpret his breeding results on a 
Mendelian baais. 
Tisdale ~!.!. (6) noted that" 'as a group, Hard Red Winter 
wheats were the most resistant and White wheats the most susceptible. 
Hard Red Spring and Soft Red Winter varieties were intermediate in bunt 
resistance. Club wheat~ were found to 'be highly susceptible while 
durum, Polish, poularo" and spelt were in general resistant. Einkorn 
appeared to be immune. These conclusions are in agreement with work 
done by others (18) (43) (46). 
Gaines (29) in 1920 attempted to make a genetic interpretation 
or his data from progeny of crosses innoculated with bunt. ThiS 
appe~rs to be the first study conducted with the objective of deter-
mining the mode of inheritance of resistance to bunt. From this data, 
Gaines drew the following conclusions: (1) Bunt resistanee is not a 
simple Mendelian unit character. (2) If resistance is Mendelian, it 
1s composed of multiple factors. (~) Different varieties possess 
different types of resistance. ' (4) Unkage between resistance and 
morphological characters is not sufficient to be used in selecting 
for resistance. 
Gaines and Singleton (32) in 1926 reported that resistance in a, 
'Marquis X Turkey cross was due to two faetors, one factor carried by 
each parent •. The gene for resistance in Marquis was said to be more 
"prepotent" than the one in Turkey. 
Genetic stUdies of bunt resistance prior to the recognition of 
races in 1924 are of limited value since in most instances there is 
no means of knowing if a pure raee or a mixture of races were used. 
Gaines (30) in his early work stated that innoculUm was obtained from 
many varieties of wheat in the field so as to get a representative 
'sample of the organism in its natural habitat. Sueh a procedure would 
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likely lead to a mixture of races and would make genetic interpretation 
of results difficult if not impossible. Briggs (8) in most of his 
work us~ a single collection ot bunt that bad been taken from a rod 
row of "Little Club and increased each year on White Federation. This 
collection was later identified by Rodenhiser as raee T-l. It is 
entirely possible that Briggs' original collection was a"mixture of 
races. It can be assumed that Briggs used race T-1 in his investigations 
report,ed here unless otherwise specified. 
In 1926 Briggs (,) published the first ot a long series of investi-
gations dealing with the nature of inheritance of bunt resistance." 
Using Martin and Hussar as resistant parents and BaartJ Vihite Federa-
tion, and Hard Federation as susceptible parents, crosses were made 
between susceptible X susceptible, resistant X reSistant, and resistant 
X susceptible. From an analysis of the ') data, Briggs concluded that 
Martin contained one factor and Hussar two factors tor resistance. 
Results indicated that one of the factors in Hussar was identical to 
the factor found in Martin. These factors were designated as the 
Martin gene, lIM, and the Hussar gene J HH (a). 
Effects of the Martin and Hussar genes were different (13). 
The Martin gene was reported to be completely dominant, and the Hussar 
gene was incompletely dominant. The Hussar gene when heterozygous 
permitted ,0 percent bunt. If homozygous, both genes we~e reported to 
allow no bunt. Occasionally same bunted Hussar plants were found, but 
this was explained by Briggs (6) (13) as due to modifying factors. 
Briggs and Holton (16) suggested in 1950, that Hussar had a 
third gene for resistance which could only be demonstrated in the presence 
of certain "races. Pugsley (48) also reported that Hussar had t.hree 
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factors for resistance to race T-l. Bryan (17) using race T-1 on 
crosses with Hussar as the resistant parent obtained variable results. 
Data for one season indicated two factors for resistance to T-l, but 
. the next season only one factor was indicated. 
Briggs (9) (10) (12) concluded that White Odessa, Banner Berkeley, 
and Odessa have the Martin gene. 
Bressman (2) in 1931, using four races of bunt, which h~ designated 
5, 8a, 16a, and 20 on a Hybrid 128 X Martin cross, obtained data 
indicating two main genes for resistance i~ ~rtin. Additional evidence 
has supported the two factor explanation, and in 1950 Briggs (16) 
designated the second Martin gene M2M2. 
In studies involving four Turkey wheats crossed with White 
Federation, Hussar and Martin innoculated with race T-l, Briggs (11) 
(13) in 1933 presented evidence or a new factor for resistance in Turkey. 
This factor was designated as the Turkey gene, TT. When heterozygous, 
this gene permitted 50 percent bunt. 
In 1940 Briggs (15), reviewing his earlier studies involving the 
MM and 'rI' genes J concluded that these genes were linked rather than 
independent as had been previously indicated. A crossover percentage 
of 34.22 was concluded to exist between the two genes. 
Aamodt (1) in 1931 observed the reaction of several spring wheats 
to six races of bunt and concluded that multiple factors governed bunt 
res is tance. 
Smith (59) in 1933 reported that three main factors controlled 
resistance to five races of bunt, T-1, T-2, T-3, L-4j and J;..5, in a 
Hope X Jenkin cross. Neither resistance nor susceptibility were 
dominant. Factors for awn length, glume color, and winter or spring 
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habit were not linked close enough, if at all, to factors tor bunt 
resistance to be ot any value in selecting tor bunt resistance. Hope 
and Ridit were reported by Smith to differ by one factor for resistance 
to race 1-4. 
Gaines and 8mi th (33) used races T-2, T-ll, and L-u. on a Hohenheimer 
X White Odessa cross and reported that Hohenheimer contained a single 
factor that determined resistance to races T-2 and L-4. 
Clark ~ ale (21) in 1933 made a thorough bUht resistance study 
of several crc'sses that had Hope as one parent. It was not stated 
which race ot bunt was used in this study. Resistance tended to be 
dominant in a Hope X Marquis cross, but in a Hope X Hard Federation 
cross susceptibility tended to be dominant. None of their data 
suggested a single factor difference. High resistance was concluded 
to be less complicated in inheritance than low or intermediate resis-
tance. 
Schlehuber (51) used two races of Tilletia caries, designated as 
Ft-4 and Ridit tritici, and concluded that resistance in a White Odessa 
X Turkey-Florence cross was due to at least four factors. Neither 
. resistance nor susceptibility tended to dominate. Schlehuber (55) 
(56,- also reported that resistance of Albit to races Pt-l and Pl-5 was 
due to a single factor. 
Results, of a study by Bressman and Harris (4) in 1933 showed that 
White Odessa, which carries the MM gene, was resistant to five races 
of bunt deSignated as II, III, V, VI, and VIII. It would be very easy 
to incorporate resistanee to the five races into a commercial variety 
by the backcross method as suggested by Briggs (7). 
The possibility of producing 'wheat varieties resistant to all 
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races of bunt was shown by Vogel and Holton (6,) in 1938. Oro and 
Turkey-Florence were crossed, and SO~ selections made. in later 
generations were resistant to' all races known at t~t time. Although 
it i& pOssible to produce wheats resistant to all known races, it is 
much more difficult to obtain· complete resistance and also produce 
agronomically suitable wheats that yield well. 
Classen!!!!. (22) in 1942 tested the· reaction of a Turkey-
Florence-l X Oro-l cross innoculated with race L-8. Two factors, one 
major, AA" and one minor, BB, ~ere used to exp~ain their data. 
Resistance was recessive. Turkey-fiorence-l, with the genotype aabb 
was resistant; and Oro-l w~th the genotype AABB was highly susc·eptible. 
A genotype or aaBB gave resistance, but not as high as Turkey-Florence-l. 
Vogel ~ .. a1 •. (64). in 1944 used three factors, two major, CcnD, and 
one minor, EE, to explain data obtained from the F) of a Turkey-Florence-
1 X Oro-1 cross innocu1ated with race T-11. Oro-l, the resistant 
parent, was given the genotype CCDDee; and Turkey-Florence-l, the sus-
ceptible parent, was assigned the genotype ecddEE. The genotype CCddEE 
also gave resistance. 
Stanford (60), using race ~-l, isolated a new factor tor resistance 
in 19u1, which he called the Rio factor, HR. This factor allowed SO 
percent bunt when heterozygous and 10 percent when homozygous.. Linkage 
lias demonstrated between the RR, tAt, and ·TT genes. 
Khishe~ and Briggs (40) identified two additional genes for resis-
tance to race T-l in 1945. These genes, designated as XX and YI, were 
found in two selections or Turkey. The XX gene when ho~ygous allowed 
25 percent bun~, and the IT gene allowed 45 percent. The double 
homozygous condition" XXIY, produced high resistance •. The n gene 
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appeared to be linked with 0, TT, and RR genes. 
Smeltzer (,8) in 1952 reported two weak genes, UU and VV, for 
resistance to race T-l in a Minturki X Cooperatorka cross. He suggested 
that one of these genes could be identical to the XX gene. 
Briggs and Holton (16) in 1950 published a summary of bunt races 
controlled by known genes. Either the Martin or Hussar gene was reported 
to give resistance to races T-l, T-2, T-9, T-lO, T-ll, L-1, and L-2. 
Races contrrolled by the Hussar gene' but not the Martin gene were T-4, 
T-6, T-12, and L-4. Races T-3, T-ll, T-16, 1-3, 1-8, and L-IO were 
controlled by the Martin gene ,but no~ the Hussar gerie. The Turkey gene 
gave resistance to all race~ except T-16"and 1-8. Resistance to all 
know~ races could, be obtained with the Martin and Turkey genes. The 
praetical application of these results is obvious., By incorporating 
the MM and TT into a eommercial variety, complete bunt resistance can 
be had. 
Up to now seven varieties are known to have the MM gene, six 
varieties the TT gene, three varieties the RR gene, and one variety 
the HH gene. According to Briggs (16) the problem is simple genetically 
and has a simple solution. 
Tester races for dwarf bunt 
-------
Difficulty of obtaining high experimental infections of dwarf 
bunt has led to investigation or the suitability of using another 
bunt race to test the reaction of dwarf bunt. Holton et!!. ()8) 
compared the reaction of races T-16, Hyb. 119, and dwarf bunt on 22 
varieties of wheat and found, in each instance that behavior of the three 
races was similar. They concluded that either T-16 or Hib. 119 could' 
,be used successfully as a tester race for dwarf bunt. 
Woodward and Holton (67) tested the reaction or the same three 
races, T-16, Ryb. 119, and dwarf, on"a Cache X Utah Kanred cross. 
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Their results showed that resistance to these three races is controlled 
by one factor, and that T-16 or Hyb. 119 can be used successfully to 
predict dwarf bunt reaction. 
12 
MA TERIAIS AND YF'THODS 
A Brevor X Utah Kanred cross made in 1947 provided material upon 
which this study was conducted. Brevor, a. stirf strawed, awnless, 
white wheat, was developed at the Washington Agricultural Experiment 
Station (66). It is a selection from the c ross, (Turk~y-F1orenee X 
Fortyfold-Federation) X (Oro X Turkey-Florence) (Oro X Fortytold-
Federation). It is resistant to most races of bunt and moderately 
resistant to all others including dwarf. 
Bunt resistant varieties involved in.the production of Brevor 
were Oro, Turkey-Florence and Federation. Briggs (14) (16) reported 
that. Oro has one gene/or bunt resistance and identified it as the 
Turkey gene, which gives resistance to all races except ~8, T-16, and 
dwarf. Vogel!! ale (64) reported that Oro carries at least two genes 
for bunt resistance. Turkey-Florence is susceptible to races T-ll, T-IJJ 
and 1-9. It has intermediate resistance to L-8, L-IO, and dwarf. 
Resistance of Florence was reported by Churchward (19) (20) to be due 
to a single recessive factor. Classen et!!. (22) showed that Turkey-
Florence probably has two recessive factors. Federation has resistance 
to races T-ll, T-13, T-14, T-15J and L-9 (16). The genetic nature of 
Federation's resistance has not been determined. 
Utah Kanred is an awned, hard red winter variety grown to some 
extent in Utah. Its exact origin is not known. It has shown suscepti-
bility to most races of bunt and intermediate susceptibility to others. 
Seed of F2 plants of the Brevor X Utah Kanred cross was innoeulated 
with spores of various races of bunt and planted in the field in the 
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Fall of 1950. Thus, the genetic nature of an F2 plant with respect 
to bunt resistance was determined from the percent infection of bunt 
in an F) 'row •. 
The 'F 2 population consisted of 686 plants and was divided into 
two groups of 343 plants each. S~ed from each plant was divided into 
three equal lots. If a plant did not yield sufficient seed to provide 
each lot with" at least 60 kernels', the seed was divided into two lots 
or one lot as the amount of s~ed permitted. A different bunt race 
was used in innoculating each lot of seed. Bunt races used and the 
number ot plants innoculated with each are as follows: 
Group I 
Group II 
Bunt race 
1-1 
L-8 
L-9 
Dwarf 
T-16 
1-4 
Number of plants 
innoculated 
343 
280 
222 
)43 
266 
192 
Seed of the F 2 I S was placed in a small envelope with the appropriate 
innoculum and shaken thoroughly. In addition to seed inno~ulationJ 
dwarf bunt spores were placed in the soil on which dwarf bunt plantings 
were made. This was necessary in order to obtain a suitable infection 
with dwarf bunt. 
Seed from the envelope was planted 1n the field'on Oetober 25 and 
26, 1950, in rows 6 feet long and 1 foot apart. Plantings were made 
at the Greenville farm in North Logan. Seed· innoculated with dwarf 
bunt was planted in similar soil about 50 feet from the main nursery. 
Parents, innoculated with the appropriate race, were planted after 
every ten F2 rows. 
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RFSULTS 
Difficulties of applying genetic ratios to data in inheritance studies 
of bunt resistance - - -
Applying Mendelian ratios to data in inheritance studies of bunt 
resistance has several serious limitations. Environmental and genetical 
influences cannot be completely separated. Percentage infection of a 
genotype varies greatly in different environments. To provide for 
some estimate of the variation, seeds of the parents were sown after 
every ten rows sown from seed of F 2 plants. If parent and F 3 rows had 
not been erown together, comparisons between the two would be less 
meaningful. 
Genetic interpretation of inheritance of resistance to bunt is 
further complicated by some susceptible individuals escaping infection. 
This could happen rather frequently if a single F2 plant was used as 
the unit of observation. To avoid such an occurrence a considerable 
number of seeds, 60 or more, of an F2 p~ant were grown in an F3 row 
which was used as the unit of observation. The genetic nature of an 
F2 plant was deduced from the behavior of the F) row. Seldom will an 
entire F) row escape infection if the genotype ~ susceptible. 
Heterogeneity of a bunt race provides another source of error in 
inheritance studies. A bunt race is isolated by its reaction on a 
series of differentially resistant varieties. Such a method does not 
insure the ssparation of single,bunt biotypes, but rather a mixture of 
biotypes that behave similarly on those difrerentials used. Use of 
such a mixture may result in-data that cannot be analyzed genetically. 
It is poss ible that a bunt race propagated in one area does not contain 
16 
the same constituents as tha't same race grown in another area. This 
~y account for many of the inconsistencies in results reported by 
different workers who supposedly were using the same innoculum. 
A wheat variety, although relatively stable, exhibits a certain 
amount of variability. This is particularly trUe of Br~vor which is 
still segregating noticeably for plant height and several other 
readily observed characters. Thus all plants within a variety cannot 
be considered to be of 'identical genetic makeup. In order to make, 
strict comparisons between parent varieties and their progeny, it wbuld 
be necessarJ to increase seed from the two parent plants used in 
making the cross and use this seed to plant parent rows among the F3'S. 
In this studYJ parent seed was taken ,from the varieties and not the 
individual plants entering the cross. 
Classification of F3 data into genotypic classes is usually 
difficult. Range of the class interval of the frequency distribution 
into which FJ rows are grouped is largely arbitrary. Different 
genetic ratios may often be used to explain identical data grouped 
into distributions which·differ only in range of class interval. Rows 
with the sa~e genotype, such as parent rows, will not ,all fall into 
the same infection class. For example, Utah Kanred when innoculated, 
wi th race T-16 produced rows which varied from 1.8 to 10 percent bunt 
infection, with an average of 41.9 • 2.98. It is this extreme varia-
bility within one genotype that makes classification difficult. It is 
often a matter of individual choice as to how many class intervals 
should be included to represent a given genotype. 
Some crude means may be used to give indications as to ,where ~j 
populations should be divided. A simple method is to plot the ind,iTidual 
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rows in a frequency distribution and draw a curve of that distribution. 
Examining this curve in relation to the parents may reveal a logical 
division of the population into groups. A further method of setting 
class limits is to use the means of the parents with their standard 
deviations in setting fiducial limits on these known genotypes. F) 
rows which fall into the fiducial limits of the respective parent are 
considered to be the same as that parent. No one method alone· can be 
used to divide all F) populations into genetical classes, and in some 
instances the FJ's canno~ be logically separated by any of the existing 
methods. 
Behavior of parents to ~ races used 
As a rule, Brevor was resistant and Utah Kanred susceptible to 
all bunt races used. Average percent infections, standard errors, 
and standard deviations of the parents to six races of bunt are shown 
in Table 1. 
Table 1. Means, standard errors, and standard deviations of percent 
infection of Brevor and Utah Kanred to bunt races 1-1, 1-8, 
1-9, dwarf, T-16, and 1-4. 
Mean and Standard 
Parent Race standard Error Deviation 
Brevor L-7 .2 ... .15 .9. 
Utah Kanred 1-7 51.1 .. 2.03 12.0 
Brevor 1-8 4.3 + .67 3.6 
Utah Kanred 1-8 38.4 :; 2.43 13.1 
Brevor 1-9 1.9 + .55 2.6 
Utah Kanred 1-9 58.9 :; 2.58 12'.1 
-
Brevor Dwarf .9 + .)6 2.1 
Utah Kanred Dwarf 61.2 .. 1.47 8.6 
Brevor T-16 12.9 + .98 5.0 
Utah Kanred T-16 41.9 .. 2.98 15.2 
Brevor 1-b .F3 + .J2 1.4 
Utah Kanred 1-4 60.9 :; 2.91 12.7 
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It is obvious that Utah Kanred is susceptible in different degrees 
to different bunt races. There appears to be at least three degrees 
suseeptibili ty to the six races of bunt tested. Utah Kanred was least 
susceptible to races 1-8 and T-16 and most susceptible to dwarf. Races 
1-7, lr9, and 1-4 produced intermediate infection on Utah Kanred. 
Brevor was most resistant to raees L-7, L-9, dwarf, and L-4 and 
least resistant to T-l6. Resistance to race L-8 was intermediate 
between the other races. Although standard errors have been attaehed 
to the mean infe'ctions of Brevor in Table 1, their significance is 
limited because these populations are not normally distributed. 
Inheritance of resistance to ~ ~ L-7 
Parents and F3 rows, classified ,as to percentage of heads infected 
with the bunt organism, are shown ~n a frequency distribution in Table 
2. .Brevor was highly resistant to race L-7. Thirty-two of the' 35 rows 
had no bunted heads. Three rows 'had l.~, 3.0, and 4.0 percent infection, 
respe_cti vely. Utah Kanred was sus ceptlble to 'L-7 and ranged from 30 to 
87 percent inrection with an average or 57.1~ 2.03 percent. 
F 3 rows ranged from, 0 to 90 percent infection with most of them 
being grouped near the resistant end of the distribution. Thus, 
resistance to race 1-7 tended to be dominant in this cross. Almost 
half of the rows were in the first two infection classes and may be 
considered to be like Brevor in their resistance. 
Assuming Bravor contains two factors tor resistance, Rl ~R2R2' 
eitb~r or both of whieh in a homozygous condition produces high resis-
tance, then theoretically 7/16 ot the population or 150 rows should be 
resistant. The double heterozygous condition, RlrlH2r2' is assumed 
to give intermediate resistance while the genotypes ~rlr2r2' ~ir.l~2~2' 
_'rable 2. Frequency distribution of parent and F, row& to raoes L-7, L-8. and L-9 
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were probably not normally distributed. Parental reaction to these 
two races was essentially the same. Al though the F 3 population 
innoculated with 1-7 and 1-9 were distributed somewhat differently, 
a highly significant correlation of +.62 was found between them. It 
was possible to apply. correlation statistics to these populations since 
seed of one plant was divided into three portions and each portion 
innoculated with a different race of bunt. One of the basic assump-
tions of correlation statistics is that the populations are normally 
distributed. However, a segregating F2 population is not distributed' 
normally. As a result of violating this basic assumption~ probability 
values associated with the correlation coefficie'nt& will be smaller 
than if the F2 populations were normal. It has been shown that 
correlations as .small as +.6 can occur between replications of 
genotypes innoculated with the same race. 1 
Resistance to race L-9, as will be shown later, is considered to 
be due to a single factor difference, which exhibits incomplete 
dominance. The F3 data from innoculation of F2 plants with 1-7 
cannot be logically divided to fit a 1:2:1 ratio. Even though the F3 'S 
. do not compare as closely as might be expected, the possibility still 
remains that resistance to races 1-7 and 1-9 in this cross may be due 
to the same factor. 
Inheritance of resistance to bunt race 1-8 
Percent infection of parent and F3 rows to bunt race 1-8 is 
shown also in Table 2. Brevorwas resistant to 1-8, although not 
as high as it was to 'most of the other races. Percentage'infection 
ranged from 0 to 15 percent. About two-thirds of the rows fell into 
1. Unpublished thesis by D. C. Tingey 
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the 2., percent class. Average infection of all Brevor rows was 4.3 
!. .61 percent. Utah Kanred rows ranged from 15 to, 65 percent bunted 
heads, with an average of 38.5 ~ 2.43 percent~ One row of each parent 
fell into the 17.5 percent class. It is obvious that Utah 'Kanred 
differs in its degree of susceptibility to different races. Evidently 
it possesses some factors that limit infection by some races. 
F) rows varied in percentage infection from 0 to 88 perc~nt. A 
majority of F3 rows fell into the same classes as Utah Kanred, indicating 
dominance of susceptibility. Two standard deviations from the mean 
of Brevor gives a value which lies in the 12.5 percent class. It may 
be assumed that all rows in and below the 12.5 percent class are similar 
to Brevor in resistance. The remaining rows may be considered to 
be like Utah Kanred. Three standard deviations added to' the mean of 
Utah Kanred includes all F3 rows except the one row ,in the 87.5 percent 
class. Since thre'e standard deviations from the mean inclUdes only 
99 percent ot the normal curve, it would be expected that an occasional 
row would lie beyond this limit. 
If the F) population is divided between the 12.5 and 17.5 percent 
classes, 13 rows fall in the resistant classes and 207 rows in the 
susceptible classes. On the basis of a one factor difference with 
susceptibility being dominant, it would be expected that 70 and 210 
~ows should be in each group, respectively. Applying the chi~8quare 
test of goodness of fit to these values give~ a probability that lies 
between .S and .7 and shows the data to tit satisfactorily the expected 
values. 
Assumed genotypes of the parents and F2 's with respect to resis-
tance to race L-8 are given below: 
Brevor 
3: 
1: 
F IS 2 
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Utah Kanred 
Susceptible like Utah Kanred 
Resistant like Brevor 
Classen.~ a1. (22) conducted a similar genetic study using race 
1-8 on a Turkey-F1orence-l X Oro-l cross. Since Turkey-Florence is 
the source of resistance to 1-8 in the Brevor X Utah Kanred cross, 
results of the two studies should be similar. Classen gave Turkey-
Florence the genotype aabb for high resistanc~, and Oro was assigned 
the genotype AABB for susceptibility_ A selection from the cross 
Turkey-Florence was given the genotype aaBB which gave resistance but 
not as high as aabb. 
Results of these two studies are in agreement since the genotype 
of Brevor could be given as aaBB and the genotype of Utah Kanred as 
AABB. These genotypes differ by one factor with suscept~bility being 
dominant. 
Inheritance of resistance ~ bunt ~ L-9 
Parent and FJ rows, classified as to percent infection with race 
1-9, appear in Table 2. Brevor gave rather high resistanc~ to race L-9. 
One-half of the Brevor rows was entirely free from bunt, and the highest 
infection for any row was 9 percent. Average infection of Brevor was 
1.9 percent. Utah Kanred rows ranged from 25 to 7S percent infection 
with an average of 58.9 !. 2.58 percent. Two Utah Kanred rows had 
unusually low infections, 25 and 30 percent, and may be considered to 
be exceptional deviates. 
24 
F3 rows ranged from 0 to 90 percent infection. A'majorityof 
the rows were intermediate between the two parents provided the two 
low infected rows of Utah Kanred are disregarded. A tri-modal dis-
tribution is clearly apparent and suggests a oDe factor difference with 
. a 1: 2,: 1 ratio. The lower class would include from 0 to 1.5 percent 
inclusive, the center class trom 12.5 to 42.5 percent inclusive, and 
the upper class above 42~5 percent. Although 11 F) rows ,had higher 
infection than any Utah Kanred row, three standard deviat.ions added to 
the mean of Utah Kanred includes these rows. 
Rows with 7., percent or less infection may be assumed to be 
resistant like Brevor, and rows in and above the' 42.5 percent class 
may be considered to behave like Utah Kanred. If the F3 '8 ~re divided 
as indicated, the three groups, resistant, intermediate, and susceptible, 
have 60, 100, and 62 rows respe'ctively. Theoretical values based on 
a 1:2:1 ratio are 55.5, 111, and 55.5. The chi-square test applied 
to these figures gives a probability value between .5 and .3 and shows 
a satisfactory fit to a 1:2:1 ratio. 
Proposed genotypes of the parents and F 2 's with respect to resis-
tance to 1-9 are listed below: 
Bravor 
1: 
2: 
3: 
Utah Kanred 
Resistant like Brevor 
Intermediate 
Susceptible like Utah Kanred 
Resistance in Brevor to race 1-9 could have come from either Oro 
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or Federation. Oro is reported to earry a single factor ~or resistance 
to bunt (14). Results as reported in this paper indicate the a etion 
of a single gene difference, which could be the TT gene carried by 
Oro. Since proof is la~king as to the identity ~f the gene involved, 
it is designated as R2R2-
Inheritance of resistance to dwarf bunt 
Parent and F) rows, classified as to percent infection, are shown 
in Table 3. Brevor was highly resistant to dwarf bunt. 'Twenty-six of 
the 34 rows' were bunt free, and the average infection for Brevor was 
.9 percent. Conditions for infection were favorable since Utah Kanred 
rows'and some F3 rows showed high percentages of bunted heads. Utah 
Kanred appeared to carry no resistance to dwarf bunt. An average of 
67.2! 1.47 percent bunted heads was found in these rows, and in-
fection ranged .from 50 to 80 percent. 
F) rows, although ranging from 0 to 75 percent infection, are 
crncentrated in the infection classes intermediate between the parents •. 
Al~ost half of the F3 rows are betw~en the highest infection class of 
Brevor and the lowest infection clas~ of Utah Kanred. This suggests 
the action of a single factor. However, there are not enough rows in 
the susceptible classes and there are too many in the resistant classes 
to satisfy a 1:2:1 ratio. These results are only suggestive as to the 
nature of the inheritance involved. 
This data can be explained just as well on a two factor basis 
with the genes showing a cumulative effect. A two factor ratio cannot 
be tested with chi-square because of difficulty in separating the 
population. When more than one factor is involved in inheritance, 
several divisions of an F3 population are usually necessary to explain 
Table 3. Frequency distributio~ of parent and F) rows to races dwarf, T-16, and 1-4 
Percentage ~ t-' f\) N \..J UJ ~ c:- \J'\. V\ 
'" 
0'\ -.j -.J CD ~ \,() '-0 infection c I'\) -.l N -.J N -J I\) -J f\) -.J I\) -.l N. -oJ I\) -.l f\) N -J Total 
. . . • • • • . • . • • • • • • • • • • • • 
classes 0 V\ V\ V\ V\ V\ V\ V\ V\ V\ V\ V\ V\ V\ \J\ V\ V\ V\ V\ \r\ V\ 
Dwarf 
Brevor 26 7 1 34 
Utah Kanred 3 5 6 6 8 3 3 34 
F3 6 39 28 42 22 2' .... 33 29 26 25 21 19 12 12 1 3 2 343 
T-16 
Brevor 2 5 11 5 3 26 
Utah Kanred 1 2 2 6 J 4 2 1 1 2 2 . 26 
F3 14 10 18 18 18 27 26 15 15 1, 21 13 15 21 13 4 3 266 
1-4 
Brevor 15 '3 1 19 
Utah Kanred 1. 1 4 5 2 2 1 1 1 1 19 
F3 ~7 42 20 13 5 5 4 6 6 4 2 4 4 1 3 2 1 2 192 
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the data; and it becomes very difficult to divide the population into 
, 
several groups because these groups merge and overlap into eaeh other. 
The work ot Woodward and Holton (67) suggests the presence of a 
single dominant factor in tRidit that controls resistance to dwarf 
bunt. Turkey-Florence, a slster selection to Ridlt, is the source of 
resistance to dwarf bunt in Brevor. It is possible that Ridit, Turkey-
Florence J and Brevor carry the same factor for resistance to dwarf bunt. 
'. Inheritance of resistance ,to bunt race T-16 
----- - ~ .......--. ~
Percentage infection of parent and F3 rows with bunt race T-16 
appear in Table 3. Brevor was intermediate in resistance to race T-16. 
Average infection of Brevor was 12.9!. .98 percent J with a range from 
3 to 20 percent. Utah 'Kanred'was not as susceptible as when infected 
with the other bunt races except 1-8. Utah Kanr~~ rOws ranged in 
percentage infection from 18 to 70 percent with an average of 41.9 ~ 
2.98 percent. These data illustrate the wide differences in infection 
that can occur 'within one genotype.' Some rows had over three 'time's 
as much bq.nt as others even though they were of the same genetie 
cons ti tution. 
The F 3 population ranged trom 1 to 88 percent infection. A 
majority of rows fell into the same classes as Utah Kanred which· 
indicates susceptibility as dominant. Parent rows overlap in the 17.5 
and 22.5 percent infection classes. A point between the two overlapping 
classes may be taken as the division between the two parental genotypes. 
If this ,is done, 60 rows fall in t~e resista~t group and 206 in the 
susceptible group. It would be expected that approximately 66 and 200 
rows would lie in each group respectively if a single factor difference 
is assumed and susceptibility is dominant. Applying chi-square. to these 
values gives a probability of .J,to .5 and shows a satisfactory fit 
to a 1:3 ratio. 
Suggested genotypes of the parents and F2 's with respect to 
resistance to race T-16 are given below: 
Brevor 
3: 
1: 
1 S232 
2 S252 
1 s2s~ , 
F 's 2 
Utah Kanred 
Susceptible like Utah Kanred 
Resistant like Brevor 
Results obtained in this study are contradictory to the work ,of 
Woodward and Holton (67). They used a Ridit X utah Kanred cross and 
concluded that resistance to T-16 was due to a single dominant factor. 
Turkey-Florence, the source of resistance to T-16 in Frevor, and Ridit 
are sister selections and quite likely have the same factors for bunt 
resistance. If such is the case, results should have been similar in 
both studies. 
/ 
It has been report~d (38) (61) that T-16 and dwarf are essentially 
alike in their behavior and that T-16 can be successfully used as a 
tester race for awar!. It can be seen by comparing parental behavior 
to race T-l6 and dwarf that these races do not produce the same re-
I • 
action. Average infect~on of Utah Kanred by T-l6 was 41.9 ! 2.98, while 
with dwarf it was 67.2 ! 1.41. These means are Significantly different. 
Not only did T-16 produce lower infection on Utah Kanred than did dwarf, 
but it produced a higher infection on Brevor than did dwarf. Although 
the F) populations innoculated with T-16 and dwarf were correlated 
significantly, the degree of'association is not sufficient to warrant 
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the use of T-l6 as a reliable tester for dwarf bunt. 
Inheritance of resistance ~ ~ !!£!. 1-4 
Percentage infection of parent and F) rows with race L-4 is 
shown in Table 3. High resistance to race 1-4 was shown by Brevor. 
Fifteen rows were bunt free, and the highest infection of any Brevor 
row was 6 percent. Average infection of Brevor was .8 percent. Utah 
Kanred had an average infection of 60.9 ~ 2.91 percent with a range of 
35 to 85 percent infection. 
'F) rows varied from 0 to 95 percent infection. Low infection 
classes contained the large proportion of rows, with over one-third of 
the rows being entirely bunt free. Dominance of resistance is clearly 
indicated. Five class intervals lie between the upper limit of in-
fection of Brevor and the lower limit of ,infection of Utah Kanred. If 
the F) population is divided midway between the parents at the 22.5 
percent class, 147 rows lie below that 'point and 45 rows above. On 
the basis of a ):1 ratio it would be expected that 144 rows would be 
resistant and 48 susceptible. Applying the chi-square 'test to these 
data, a probability value between .5 and .7 is obtained. Although the 
data fit expected values rather closely as shown by the chi-square test, 
cert~in assumptions have been made; and the high P value is not ,necessarily 
proof that the assumptions are correct. 
Based on the assumptions made, the genotypes of the parents and F2 's 
with respect to resistance to race ~ are listed below: 
Brevor 
,): 
It 
1 R)R3 
,2 R)r) 
1 r)r3 
F 's 2 
Utah Kanred 
Resistant like Brevor 
Susceptible like Utah Kanred 
)0 
A summary of parent genotypes with respect to the six races used is 
shown in Table 4. 
Table 4. froposed genotypes ot, Brevor and Utah Kanred with respect to 
resistance to six races of bunt 
Bunt race Parent Genotype 
1-7 Brevor I1.~R2R2 1-7- Utah Kanred rlrlr2 r2 
1-8 Brevor sls1 
1-8 Utah Kanred 51St 
1-9 Brevor ~~' 
1-9 Utah Kanred r 2r 2 , 
Dwarf Brevor 
Dwarf Utah Kanred 
- -! 
T-16 Brevor s2s2 
T-16 Utah Kanred 5252, 
1-4 Brevor R)Rj 
1-4 Utah Kanred r)r) 
r.orrelation studies 
Correlations were calculated in all combinations between the three 
bunt races within each group. This is permitted with li~itations since 
seed from each plant was divided into three parts and innocu1ated with 
three bunt races. Comparisons cannot be made between races from 
different groups. Correlation coefficients are shown in Tabl~ 5, and 
scatter diagrams of each comparison are shown in figures 1 to 6 inclusive. 
1-7 ~ 1-8. A highly significant correlation was found between 
races 1-7 and 1-8. Although the correlation coefficient was highly 
significant, it was relatively low, being +.43. There is no doubt 
however that some factor, genetic or ~nvironmentalJ is causing these 
races to tend to behave the same to a limited extent on the ') 
population in this cross. 
Table S. Correlations between six races or bunt based on percent 
inrection of F) rows from the cross Brevor I Utah Kanred 
Bunt races 
L-7 with 1-8 
1-7 with L-9 
1-8 with L-9 
Dwar! with T-16 
Dwarf with L-4., 
T-16 with 1-4 
** Significant at P .01 
Correlation coefficients 
+ .u3 ** 
+ .62 ** 
- .02 
+ .43,** 
+ .65 ** 
.. • 40 ** 
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Rows being correlated were not planted side by side~ which would 
remove the possibility of a correlation being due to similar environmental 
conditions. It is reasonable to assume that the correlation is due to 
a genetic factor or factors. 
The factor used to explain resistance to L-8 cannot be assumed to 
be the sa~e as either of the factors controlling resistance to 1-7 
since the factor controlling L-8 is dominant for susceptibility and 
cannot be harmonized with either of the 1-7 factors. If one of the 
factors for resistance to 1-7 was the same factor for resistance to L-R, 
the correlation could be accounted for on this basis. It appears that 
one or more modifying factors must be present that influence the F2 
progeny so that both facts cause them to behave somewhat alike. 
32 
1-7 ~lass Centers 
3 9 15 21 27 33 39 45 51 57 63 69 75 81 87 93 Total 
J 30 3 3 2 1 1 40 
9 18 3 2 2 1 26 
15 9 6 2 1 1 19 
21 8 3 1 2 1 2 11 
27 12 3 1 1 1 3 1 1 23 
33 10 2 5 4 4 4 2 1 1 33 
39 5 2 2 3 2 3 1 -1 1 2 1 23 
45 3 3 2 5 2 3 1 1 1 1 22 
51 6 3 3 2 3 1 2 1 1 2 24 
57 5 1 2 2 2 1 1 1 15 
6) 11 2 3 3 5 1 2 1 28 
69 2 1 1 1 5 
75 1 1 1 1 4 
81 
87 1 1 
93 
Total i20)0 25 21 20 27 2 1 6 4 9· J 2 5 4 1 2~O 
Figure 1. Number of F3 rows plotted with ·respect to percent infection by . 
bunt races L-7 and L-8. 
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1-1 r.lass Centers ~ 
3 9 15 21 21 33 39 It.5 51 51 63 . 69 75 81 87 q, .... Tota 
3 56 2 58 
9 1 2 1 1 1 6 
15 5 9 2 3 4 1 24 
21 4 3 3 5 2 '4 1 1 1 24 
27 8 1 5 2 2 5 23 
33 9 3 5 5 1 23 
39 5 1 2 8 
45 1 2 1 1 5 
51 1 2 1 2 6 
57 2 1 I' 2 6 
6) 1 1 1 .2 1 2 2 3 2 15 
69 2 1 2 5 
75 1 2 1 1 1 1 7 
81 1 1 1 1 1 ,. 
87 2 1 1 4 
93 1 1 1 3 
Total 94 2420 20 15 21 2 1 4 3 8 2 1 4 3 222 
Figure 2. Number of F3 rows plotted with respect to percent infeetion 
by bunt races 1-7 and L-9. 
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Another explanation that should not be disregarded is that these 
bunt races may contain a biotype common to both. A bunt race probably 
does not constitute a single genetic biotype but rather a heterogeneous 
mixture of biotypes that give a similar reaction on a series of differ-
entially resistant varieties. There is no assurance that the bunt 
races are genetically pure. Correlations obtained in this study may 
therefore be due to a number of causes. 
A highly significant correlation coefficient of +.62 
existed between races 1-8 and 1-9. If the gene for resistance to 1-9 
is the same as the one gene for resistance to 1-7, a correlation would 
be expected. There is no means of proving or disproving this assump-
tion in this experiment, but it is not unreasonable to suspect that 
this might be the case. Of course the explanation of the correlation 
being due to mixed biotypes or modifying factors applies to this com-
parison as well as to all others. 
L-3 with 1-9. 
- ------
There was no evidence of association in percentage 
of inrection by races L-8 and 1-9 in F) rows. Evidently the gene or 
genes for resistance to race 1-8 are not the same genes for resistance 
to L-9. 
Dwarf with T-l6. 
----
This comparison is of special 'interest because of 
the question of using T-16 as a reliable tester for dwarf bunt~ If 
T-16 is to be of value as a tester, this correlation must be high. 
The correlation coerficient was +.43 and was highly significant. 
Although the correlation was significant, it is not sufficiently large 
! 
to be of much value in predicting the behavior of dwarf bunt. Only 
19 percent of the variation between dwarf and T-l6 can be accounted for 
by correlation of this size. Considering this correlation in addition 
:1 .... 
::,~ ~: 
~'l.: ~' t. 
/' " ~ 
. ,~ . 
,,' 
" 
-::-1~ .. 
-' . 
. :~~,'. ~, 
. " .'''-/i s .... $'. ~-r:: 
, 
io ·di~:i~C ~.~lanat~' propoSed, "tor T-16 and dwarl, it. would 
.:., Dot •• ~·~"':*O' uae'T~16 .. '. ::·:.i.'i·abl~) 'te.ter~ for dwa:rr buat rtt.ot1,cm .. 
_ . ' .11" L" - .' ,-
, .. 
~ .~<::~. A cone:l.t·l;.~:er, .. ,~ ~",·o'f.rt;a1ned be",perce'n~ 
'.buIrt. '1nte~ '~:PJ" ro""~t.~~·W1th~~d_t'ncl:'L-4. Thia,o:orrelatlon 
,can be, ~d 'fQsa .by as,.~ ibat,~~. of'the hctorsoon1lW&11iag 
. .. ~.£ . . 
·'re.is~ 'ho' .. art:bunt''iS:: •• ·:~,tac'bo-r t.hat controls fts1staftce ~ 
~. ,'. 'ftd8 ... wIp"UOA~' rayon.. ,the hlTPOthes 18 . that ree1stance':"' dwea.r 
, ." " . . . . -. ' .' - ~ . . . 
, ~~~~Ued. b1 ,.o",t~~ra'. ratber -\b&n.,by one. ,., , 
,,':'" ~ .. :. :: :'~'" ,~', '. ',' -",.,,~, '~ , , 
'T~l~ w~ .. ,'M~·,' ~,ll~~"I1&nitlC11,tit; CO~"~tiOD eoetn~,·~t"' .. b(): 
... , ... ~~~~ -••. { .•. ;:: It; 1., appa.n~ t1'OllllWS\ll"t;ff.p ... ent,ed 
• • - , • ': .:' ,- 7 ~ ... '.-
e~~":~~'",,1'" tha.~: •• :.::f~r d .. ~;noti·eontroi N8i .... ~e ·to 
, .. ~ '.' ., ."i; . /' " . . I ' ... • ' 
' .. 'ra:~~~'~~Jt ~,~ l)a:":,.~!"t 1lOd1tying "ta,cton or a'~t, bio'twe 
. .", ':\'. ".,'~ .:,:,~,,,, ;', ',~ f~, _ ~ ': ~ "",' ~'?~~.~l;:,< . . -',., , " 
' . .,... ~~." ~:~: .. ~:~rre~t-"1_ •. 
" 
I 
~ .. . .\", 
•. .,l. , • 
. ;-. 
~ " , 
• ').0'-" 
""." 
. ..~ 
·!'.'.I.".,,·_', ...... .!. .•.•. , .. _ .. _.i .... "",''''oW'' ?n"&1' 
" 17 .... ~ • 
~." . 
40 
SUMMARY AND CONCillSIONS 
F plants from a Brevor I utah Kanred cross were innoculated with 
2 
su races of bunt, 1-7, L-8, L-9, dwarf, T-l6, and 1-4. The F2 popu-
lation was divided into two groups of 343 plants each. Seed from each 
plant was divided into three parts and a separate race' of bunt was 
used to innoculate each part. Races 1-7 J 1-8, a'nd 1-9 were used to 
innoculate one series; and dwarf, T-16, and ~ were used on the other. 
Fach lot of seed was planted in the field in rows siX feet long and 
one foot apart. One row 'of each parent, innoculated with the corres-
ponding bunt race, was planted after every ten F2 rows. All seed innocu-
lated with one race of bunt was planted in one block. 
At harvest, estimates were made on each row of the percentage in-
fection. These estimates were checked frequently by actual head count., 
Utah Kanred was susceptible to all races, although the degree of 
susceptibility was Significantly different to some of the races. Bravor 
was resistant to all races, but here also the degree of resistance 
varied. 
Brevor was highly resistant to race 1-7 J and Utah· Kanred was 
susceptible. ~hen the data on the F3 population were placed in a 
frequency distribution based on percent infection, it was distributed 
so as to indicate a two factor difference. The genotype RlRlB2~ 
was assigned to Brevor and r l r 1r 2ri to Utah Kanred. F)'s were classi-
fied on the basis that either ~Rr0r R2~in a homozygous condition 
f • 
produced resistance like Brevor. The genotj~e RlrlB2r2was assumed to 
give intermediate resis~nceJ and remaining genotypes were assumed to 
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be like Utah Kanred. Another explanation based on a one faetor differ-
ence was also considered. 
Brevor gave high resistance to race L-8, while Utah Kanred was 
moderately susceptible. Approximately three-fourths of the F)'8 
were as susceptible as Utah Kanred and one-fourth as resistant as 
Brevor. Susceptibility was dominant and Utah Kanred was given the 
genotype SlS1' while Brevor was considered to be sls1. 
Brevor was highly resistant to race 1-9, and Utah Kanred again 
was susceptible. About one-fourth of the F)'S were as resistant as 
Brevor and one-fourth as susceptible as Utah Kanred. One-half of the 
F3 rows' was intermediate between the parents. Dominance was incomplete, 
and Brevor was assigned the genotype R2R2• Utah Kanred was given the 
genotype r 2r 2. 
Resistance to dwarf bunt could not be fully explained. Brevo,r 
was highly resistant and Utah Kanred was highly susceptible. The F) 
population was distributed in such a manner that a specific genetie 
ratio could not be applied to it although one and two factor differences 
were' considered as being possible. 
Brevor was moderately resistant and Utah Kanred moderately sus-
ceptible to race T-l6. One-fourth of ~he F)'s were as resistant as 
Brevor and three-fourths were as susceptible as Utah Kanred. Sus-
ceptibility to T-l6 was dominant in this cross. Utah Kanred was given 
the genotype 52S2and Brevor was assumed to be 5 2S 2- It is apparent 
that dwarf and T-16 are widely different in their effect on F2 '5 ot this 
cross. 
Brevor was highly resistant to race 1-4 and Utah Kanred susceptible. 
Three-fourths of the F 's were grouped near the resistant end of the 
3 
\ 
f 
.I 
~ 
distribution while one-fourth was susceptible_ Dominance appeared 
to beeomplete, and Brevor lias· give'n th~ genotype R311 wh~le Utah 
Kanred was considered to be r3r3-
Correlation studies were made between races L-l, 1-8, and L-9. 
42 
Comparisons of L-7 and L-9 and 1-7 with L-8 we,re both s.igniflcantly 
correlated, and the comparison of L-8 with 1.-9 was not significant. 
To exP~ain the 1:7 with 1-9 correlation, it was proposed. that the factor 
giving resistance to 1-9 was the same, as one of the factors for resis-
tance to L-7 • The 1-7 with L-8 correlation was explained on th.e basis 
of modifying factors which give resistance to both J..t..7 and L-8 • 
. Cor~lation studies were made between races dwa:rf, T-16, and r.,....!J. 
All comparisons were significantly correlated, with,the dwarf X ~ 
comparison having the highest correlation eo·efficient. None of these 
correlations however was high enough to permit one race to be used as 
a tester tor behavior of another race .. 
i 
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